Objective: To examine the associations of physical activity (PA) and sitting time (sit) with cardiometabolic diseases.
C ardiovascular disease (CVD) and type 2 diabetes mellitus (T2DM) are among the most prevalent adult non-communicable diseases globally, 1 where it is estimated that one in five Australian adults have CVD, one in 20 T2DM, and one in four metabolic syndrome (MetS). 2 The increased prevalence of cardio-metabolic diseases began around the 1980s 3 and some of this increase was linked to the rise in 'westernised' lifestyle behaviours, including physical inactivity, increased sitting time and proliferation of processed foods. 4 It is estimated that one-third of adults worldwide are inactive, 5 failing to meet the recommended minimum of 150 minutes of moderate-intensity aerobic physical activity or at least 75 minutes of vigorous-intensity aerobic physical activity throughout the week. 6 All-cause mortality, including CVD, hazard ratios for prolonged sitting increase from 1.02 for 4-8 hours to 1.40 for 11 or more hours a day, compared with adults who sit for less than four hours/day. 7 The trajectory of the Australian chronic disease estimates is predicted to continue to increase, 8 is placing increasingly higher burdens on national health care systems and has adverse personal and economic implications. Early identification of individuals at high risk for developing CVD and T2DM is important to ensure effective prevention.
One of the mainstays of primary prevention of cardio-metabolic diseases is lifestyle intervention, which includes recommending physical activity (PA) and, more recently, understanding the health consequences of increased sitting time. 9 While there are a range of risk prediction tools 10 available for health professionals, identifying atrisk patients has potential time and cost savings. Understanding the characteristics of those with unfavourable PA and sitting behaviours could help health professionals identify patients at greater risk of developing cardio-metabolic diseases. In this paper we investigate the profile of people who are at increased risk of cardio-metabolic disease due to low PA and excessive sitting.
This study describes the characteristics of Australian adults according to their PA and sitting profiles; high PA-low sit ('low Detailed information about the NNPAS survey design, data collection methods and response rates can be found elsewhere.
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The final NNPAS sample size of adults over 18 years of age was 9,435 (response rates 65.0% to 86.6%) and 3,803 participants also had biomedical data collected as part of the National Health Measures Survey (NHMS).
Measures
Participants' socio-demographic information included age, sex, education level, occupation, and home postcode. Occupations were categorised into 10 industry areas (including 'unemployed' and 'not in the workforce') using the Australian and New Zealand Standard Classification of Occupations (ANZSCO).
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Residential postcode was used to determine socioeconomic status (SES) using the ABS Socioeconomic Index for Areas Index of Relative Socioeconomic Disadvantage (SEIFA -IRDS), 13 and location using the Australian Regional Index of Areas (ARIA.
14 Participants were asked to rate their health (poor, fair, good, very good, and excellent), and waist circumference (cm) was measured and categorised using sex adjusted cutpoints as not at risk (M:<94 cm; F:<80 cm), increased risk (M:94-102 cm; F:80-88 cm) and substantially increased risk (M:≥102; F:≥88 cm). 15 Waist circumference was used as a proxy measure of abdominal obesity (BMI). 
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Risk factors
Cardio-metabolic diseases
Participants were classified as having T2DM or CVD if they reported that a health professional had told them on at least one occasion that they had the condition(s). Participants were classified with MetS according to standardised criteria.
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Statistical analysis
Data were analysed in SAS version 9.1 (www. sas.com). For the analysis, participants were categorised as: low PA-low Sit, low PA-high Sit, high PA-high Sit and; high PA-low Sit; where low PA and high Sit were defined as quartiles 1 and 2 of the total PA minutes, and quartiles 3 and 4 of the sitting, respectively. Descriptive statistics showing the demographic distribution and health characteristics overall and among the four PA-Sit groups were calculated. For continuous variables, means and standard deviations and medians and interquartile ranges were calculated, and for categorical variables, the weighted proportions of the population within each category were calculated.
The odds of being in either the 'high risk' (low PA-high Sit) or 'low risk' (high PA-low Sit) category over any other category were calculated using two separate logistic regression models with all health and sociodemographic variables as factors in the model. The association between the odds of having a cardio-metabolic condition (i.e. CVD, T2DM or MetS) and the PA-Sit group classifications were assessed using logistic regression models in a stepwise manner where Model 1 had no adjustment for other factors; Model 2 adjusted for age group and gender and; Model 3 additionally adjusted for all socio-demographic variables. A final model of best fit (Model 4) was determined by using a backwards elimination approach starting with Model 3 and excluding factors with p>0.1 one at a time. For the MetS models, waist circumference was not included as a factor as it was a component of the diagnostic criteria for MetS.
A sensitivity analysis was conducted by setting any missing factor categories to a dummy value and rerunning the model. Population weights were included in all analyses. Due to confidentiality issues, information about clustering and stratification is not available in the original ABS data set. Instead the ABS provides a set of 60 replicate weight sets to conduct a deletea-group Jacknife approach to estimate the variances and standard errors of each of the model parameter estimates.
Results
The sample of 9,435 adults reported sitting for a mean of 38.8 hours/week (SD=0.30 min) and a median of 36 hours/week (IQR: 23.0, 52.5). Mean total PA time was 284 min/week (SD=5.3) and the median was 160 min/week (IQR: 30-390). This equates to daily averages of 5.5 hours of sitting and 40.1 minutes in moderate-vigorous PA. The four PA-sit groups were hence; low PA -high sit (<160 min PA/ week and >36 h sitting/week, n=2 323); low PA -low sit (<160 min/week and <36 h sitting/week, n=2 497); high PA-high sit (>160 min PA/week and >36 h sitting/week, n=2 339); and high PA-low sit (>160 min PA/week and <36 h sitting/week, n=2 244).
There were significant characteristics that differentiated all four PA-sit groups (all p<0.05) ( Figure 1 ).
Adjusted analyses identify the characteristic profiles of adults in the high and low risk groups (Table 1) . Adults in the 'high risk' (low PA -high Sit) group were more likely to be ≤75 years old (57% more likely than 18-24 year olds); report poor or fair health (2.71-2.61 times more likely than those with excellent health); currently smoke (40% more likely than never smokers); and have substantially at-risk waist circumference (56% more likely than not at-risk waist circumference). Adults were 35-55% less likely to be in the 'high risk' group if they were not © 2017 The Authors in the workforce, were labourers, community workers or technicians, compared with adults in managerial occupations.
Adults in the 'low risk' (high PA -low Sit) category were 1.4 times more likely to live in locations outside major cities and inner regional areas, be ex-smokers and be in occupations involving community and person service, labourers, unemployed or not in the labour force (compared with managers). Adults were less likely to be in the low-risk group if they were male, age 25-34 or ≥ 65 years, reported poor, fair or good health, were employed in clerical and administrative occupations and had significantly at-risk waist circumference (32% less likely than adults who were not at risk). for waist circumference, age group, sex, self-rated health, SEIFA quintiles, relative to 'low risk' (High PA-Low Sit) adults, those in the 'high risk' (low PA-high Sit) group had a 41% increase in the odds of reporting CVD, compared with adults in the 'low risk' group. Similarly, adults in both the intermediate PA-Sit combinations (i.e., low PA-low sit and high PA-high sit) had a 27-28% increase in the odds of reporting CVD, compared with the 'low risk' group. There were no significant joint-associations for any of the PA-Sit combinations with reported T2DM. Model 4 shows that adults in the 'high risk' group had a 137% increase in the odds of MetS, compared with adults in the 'low risk' group. The adults in the intermediate group, low PA-low Sit had significantly increased odds of MetS (85-87% in models 1 and 2, and close to significance in model 4).
Discussion
Understanding the characteristics of adults with unhealthy lifestyle behaviours may help health professionals to identify at-risk individuals. Early intervention may not only prevent disease, but also reduce subsequent morbidity and health care costs.
We created 'high risk' (low PA-high sit) and 'low risk' (high PA-low sit) profiles of Australian adults based on two behaviours that are strongly associated with cardiometabolic health: PA and sitting time. This approach to examine the joint associations of physical activity and sitting with cardiometabolic health is novel, as most previous studies have simply controlled for the respective behaviours in their models (e.g.
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Ageing was associated with greater odds of being in the 'high risk' group and lower odds of being in the 'low risk' group. A range of physical changes, including sarcopenia, reduced fat-free mass and co-morbidity may contribute to the lower levels of PA and higher levels of sitting in the older groups; however, the direction of effect is not clear as insufficient PA also contributes to these conditions. 22 Consequently, increasing age has been found to be related to lower PA induced energy expenditure.
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Who is at risk of chronic disease? Not surprisingly, current smokers were at greater risk of being in the 'high risk' group. Interestingly, ex-smokers were more likely to be in the 'low risk' group, possibly making healthy lifestyle choices concomitant with smoking cessation. 24 Contrary to expectation, in the current study, socioeconomic status was not significantly related to participants' PA-Sit group; when controlling for all factors there were no residual effects of SEIFA to which group the participants were allocated. In contrast, a similar proportion from the lowest SEIFA quintile and the highest SEIFA quintile were in the 'high risk' group. One possible explanation is that any effects were masked by other related factors, such as education or occupation.
Self-reported health was an important predictor of T2DM, CVD and MetS, and it was retained in the best fit model for all three cardio-metabolic outcomes. Self-reported health is generally a good indication of health status and is strongly related to subsequent mortality. 25 The present study adds the combined pattern of 'low PA and high sitting' to existing risk factors for CVD and MetS. There was a strong compounded risk of a low reported level of PA, and a high reported sitting time ('high risk'), which significantly increased the risk of CVD and MetS in this population. Specifically, when compared with individuals in the 'low risk' group, those in the 'high risk' group, had an approximate 40% increase in the odds of CVD and about a 140% increase in the odds of MetS. After adjustment for other risks, low © 2017 The Authors PA and high sitting remained risk factors for CVD and MetS.
Previous studies have observed mixed patterns with respect to the independent influences of sitting behaviour and physical activity on risk: some suggest that sedentary behaviour is associated with risk outcomes independent of PA, 26 while others suggest that association is attenuated by PA. 27 On the basis of risk in the intermediate risk profile groups (i.e. 'low PA-low Sit' and 'high PA-high Sit') compared with the high risk group, the current results suggest that being either physically inactive (even with low rates of sitting) or sitting too much despite being physically active, increases CVD risk. The implication for public health is that people should be encouraged to adopt healthy behaviours for both physical activity and sitting time to reduce cardiovascular disease risk, and that either behaviour in isolation may not confer this benefit.
Interestingly, it seemed like PA was the main driver of the associations of metabolic syndrome and PA-Sit risk profiles; where high levels of PA were most strongly protective against MetS. The high PA-high Sit group did not exhibit any significantly higher odds of MetS as compared with the high PA-low Sit group. However, in the absence of high levels of PA, it was evident that high sitting also had strong negative associations; when comparing the two low PA groups, the high sitting group had almost twice the odds of MetS. This pattern was not apparent for CVD, where both PA and sitting combinations appeared to pose similar risk. Contrary to our findings, Bankoski et al 9 found that sitting time was strongly related to metabolic risk, independent of PA in the 2003-06 NHANES study. One possible reason for this discrepancy was that the PA and sitting data in the current paper were self-report, while the NHANES study was based on objective measures using accelerometry. A recent large meta-analysis 28 found that very high levels of physical activity (60-75 minutes per day) eliminated the higher mortality rates associated with high sitting time (>8h/ day) completely. Although these levels of PA go beyond most national and global PA recommendations for public health, Ekelund et al's results point towards a dose-response relationship, where within each PA group mortality risk increased with sitting time. In our study, the high PA groups engaged in 23 minutes or more of daily PA, which is a long way from 60-75 minutes, and an even stronger protective effect of PA for MetS and CVD might have been observed if we had separated the PA groups further. We also found that sitting more than 5 hours per day was associated with significantly higher cardio-metabolic morbidity outcomes.
As there is a strong interaction between sitting time and PA, it is hard to specify strict guidelines for sitting time, but the available evidence suggest strong health benefits of limiting daily sitting and especially breaking up prolonged sitting.
29 Surprisingly, the observed patterns of increased odds of CVD and MetS for people in the 'high risk' group were not observed for T2DM. There are several possible reasons for this, related to the PA criteria used and the way PA and sitting time were reported. In this study we used the self-reported minutes of PA per week, which are often strongly dominated by low-intensity activities like walking. It has previously been reported that higher intensity PA and resistance training may be needed in the prevention and management of T2DM. 30 Another reason is related to the reporting of the various conditions. CVD and T2DM were assessed via self-report whereas MetS was determined via measured waist circumference and biochemistry. Hence, while MetS is underdiagnosed in the community, 31 it is possible that the profiles derived from the current survey identified adults with existing but unknown MetS. In contrast, those who have received a diagnosis of T2DM may have positively changed their PA behaviour.
The findings of this study were based on a large representative sample of Australian adults using robust data collection methods including biomarker data. Limitations are the cross-sectional design and the use of self-report for risk factors and reporting of CVD and T2DM. Furthermore, this crosssectional approach does not allow causality to be inferred, and longitudinal data and information relating to physical activity/ sitting behaviours prior to disease diagnosis would be needed to support this. The classification of participants into quadrants of lifestyle behaviours strongly associated with cardio-metabolic disease were based on the median values of the survey data, rather than being based on any risk thresholds from previous studies. A minor limitation of this use of a data driven approach to create the high and low risk groups, is that it lowers the comparability of these findings with those of some other studies. However, we note that the cut-offs used for PA are similar to the recommended PA guidelines of at least 150 minutes of moderate PA per week. 1.73 (1.42-2.10)  1.42 (1.18-1.62)  1.26 (1.01-1.57)  1.27 (1.03-1.58 1.37-1.98)  1.74 (1.45-2.09)  1.40 (1.12-1.74)  1.41 (1.13-1.75 
Implications and conclusions
In addition to traditional risk estimating algorithms, sitting could be added to routine consultations as a new aspect for early prevention of cardio-metabolic disease. Providing health professionals with a profile of 'who' has an increased risk of cardiometabolic disease will help with identification and early prevention. Identifying atrisk characteristics might help health professionals in their management of cardiometabolic diseases. These results highlight the importance of health professionals being aware of both the PA guidelines and the benefits of daily PA and reduced sitting. However, many studies have identified the lack of engagement from clinicians in promoting the PA guidelines, with barriers including a lack of time, education and resources. 32 Health professionals described PA promotion as less important than other health promotion activities such as smoking cessation. 33 A survey found that final year medical students underestimated the risk of physical inactivity and did not know the PA guidelines as well as other health promotion guidelines. 34 Health professionals' concerns about expertise, priority setting and time constraints should be addressed, and it is important that they are supported in their efforts to encourage PA and reduce sitting among their clients. 35 Clinicians should assess the habitual PA and sitting behaviour of all patients and in particular prescribe and recommend PA according to the Australian recommendations to prevent and manage chronic disease.
